t 



(19) 



J 



Europflisches Patentamt 
European Patent Office 
Office europ6en des brevets 



(11) 



EP 0 930 375 A1 



(12) 



EUROPEAN PATENT APPLICATION 

published in acaxciance with Art. 158(3) EPC 



(43) 


Date of publication: 


(51) Int. Cl,«: C22C 38/28. C21 D 8/04 




21 07 Iddd Bulletin 1d99/29 


(21) 




^86^ IntMrnatinriai annliration numhor* 

II lid I lOllUI ICII 0|^^II^CIliUil IIUIIIUCI • 


Application number: 98935353.7 


f W 1 Mr90/0o4o9 


(22) 


Date of filing: 04.08.1998 


\o* f ini^rioiiuiiai |juuiii#auun nuniDer* 






WO QQM7QnO /ifi no iOQQ CsmMa iQCKI/n7\ 
WVl 99/11/9119 (10.U«.l999 laaZeiie l999/U/j 


(84) 


Designated Contracting States: 


• UJIRO, TakumI 




DEESFRGBIT 


Technical Research Laboratories 






Chlba-shi Chiba 260-0835 (JP) 


(30) 


Priority: 05.08.1997 JP 21053497 


• SATOH, Susumu 


(71) 




Technical Research Laboratories 


Applicant: 


Chiba-shI Chiba 260-0835 (JP) 




Kawasaki Steel Corporation 




Kobe-sM, Hyogo 651-0075 (JP) 


(74) Representative: 


(72) 


Inventors: 


Grunecker, Kinkeldey, 


Stockmair & Schwanhiusser 


• 


KATO, Yasushi 


Anwaltssoziet3t 




Technical Research Laboratories 


Maxinfilllanstrasse 58 




Chlba-shi Chiba 260-0835 ( JP) 


80538 MQnchen(DE) 



lO 

1^ 

CO 

o 

CO 



(54) FERRITIC STAINLESS STEEL PLATE OF HIGH DEEP DRAWABIUTY AND RIDGING 
RESISTANCE AND METHOD OF MANUFACTURING THE SAME 



(57) The present invention provides a ferritic stain- 
less steel plate inproved In the deep drawability and the 
anti-ridging property at deep drawing work and the pro- 
duction technique thereof. 

The practical construction of the present invention 
is a ferritic stainless steel plate containing from 0.001 to 
0.01 5 wt.% 0, not more than 1 .0 wt.% Si, not more than 
1 .0 wt% Mn. not more than 0.05 wt.% P, not more than 
0.01 0 wt.% S. from 8 to 30 wt.% Cr. not more than 0.08 
wt.% Ai, from 0.005 to 0.015 wt.% N, not more than 
0.0080 wt.% O. not more than 0.25 wt.% Ti with Tl/N ^ 
1 2. and from 0.05 to 0.10 wt.% (Nb + V) with V/Nb being 
from 2 to 5. and. if necessary, further containing one or 
more kinds selected from not nriore than 2.0 wt% Mo. 
not more than 1 .0 wt.% Ni, and not more than 1 .0 wt.% 
Cu together with one or more kinds selected from from 
0.0005 to p.0030 wt% B. from 0.0007 to 0.0030 wt.% 
Ca and from 0.0005 to 0.0030 wt.% Mg. 

Furthermore, in the production method of the 
present invention, the above-described ferritic stainless 
steel plate is produced by heating the st el slab made 
up of the akx>v6-d6scribed components to a tempera- 
ture range of 1 170^0 or lower, f inishing rough hot rolling 
of the slab at a temp rature range of 950''C or higher, 
and then carrying out hot finish-rolling. 
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Description 

TECHNICAL FIELD 

[0001 1 The present invention relates to a ferritic stainless steel plate particularly excellent in the deep drawability and 
the anti-ridging property In ferritic stainless steel plates. 

BACKGROUND ART 



[0002] Ferritic stainless steel has been widely utilized in various industrial fields such as house wares, parts of motor- 
cars, etc., as a material excellent in the corrosion resistance and the heat resistance. 

[0003] The femtic stainless steel Is inexpensive as compared with an austenitic stainless steel containing a large 
amount of Ni but in general, is Inferior In the workability and, for example, when press working is applied to a femtic 
stainless steel, a surface defect called ridging is liable to cause, thereby the ferritic stainless steel Is unsuitable for the 
75 use of being applied with a strong work such as a deep drawing work, etc. 

[0004] Also, a fen-itic stainless steel has the problems that the anisotropy (Ar) of a plastic strain ratio is large and a 
nonuniform deformation is liable to cause at deep drawing work. 

[0005] Now. for solving the above-described problems, many attempts have hitherto been made. Rrst. various 
improvements of an anti-ridging property are proposed in (a) Patent Publication (unexamined) No 52-2491 3, (b) Patent 
Publication (unexamined) No. 56-123356. (c) Patent Publication (unexamined) Na 7-18385. (d) Patent Publication 
(unexamined) No. 9-53155, etc. 

[0006] The stainless steel of the above-described (a) contains from 0.03 to 0.08 wt.% C, not more than 0.01 wt,% N, 
not more than 0.008 wt.% S. not more than 0.03 wt.% P. not more than 0.4 wt.% Si. not more than 0.5 wt.% Mn. not 
more than 0.3 wt.% Ni. from 1 5 to 20 wt.% Cr. and from 2 x N to 0.2 wt.% Al. - 

[0007] The stainless steel of the above-described (b) contains not more than 0.1 wt.% C. not more than 1 .0 wt.% Si. 
not more than 0.75 wt.% Mn. from 10 to 30 wt.% Cr. not more than 0.5 wt.% Ni, not more than 0.025 wt.% N, and from 
2 to 30 ppm of B or further containing one or more kinds from 0 005 to 0.4 wt.% Al. from 0.005 to 0.6 wt% Ti. from 0.005 
to 0.4 wt.% Nb. from 0.005 to 0.4 wt.% V. from 0.005 to 0.4 wL% Zr. from 0.02 to 0.5 wt.% Gu. not more than 0.05 wt.% 
Ca. and not more than 0.05 wt.% Ce. 
30 [0008] In the stainless steel of the above-described (c). the content of Cr is from 3 to 60 wL%. the contents of C, S. 
and O are reduced, and the content of N is from 0,03 to 0.5 wt.%. 

[0009] The stainless steel of the above-described (d) contains not more than 0.01 wt.% C, not more than 1 .0 wt.% Si, 
not more than 1.0 wt% Mn. not more than 0.01 wt.% S. from 9 to 50 wt.% Cr. not more than 0.07 wL% Al. not more 
than 0-02 wt.% N, not more than 0.01 wt% O, and C and N in the conditions satisfying N(wt.%)/C(wt.%) ^ 2 and 0.006 
< [C(wt.%) + N(wt.%)] <. 0.025, and further Ti in the conditions satisfying {Ti{wt%) - 2 x S(wL%) - 3 x 0(wt.%)}/rC(wt %) 
+ N(wt.%)] > 4 and [Ti(wt.%)]x(N(wt.%)^ 30x10-1 x //iv • / 

[001 0] However, in these techniques, when a severe deep drawing work is carried out, ridging occurs and thus they 
cannot say sufficient techniques. Also, there is a problem that the occurrence of a nonuniform deformation at a drawing 
work is not Improved. 

[001 1 ] On the other hand, as a technique of improving the anisotropy of the plastic strain ratio, a ferritic steinless steel 
containing not more than 0.03 wt.% C. not more than 1 .0 wt.% Si, not more than 1 .0 wt.% Mn. not more than 0.05 wt% 
P. not more than 0.015 wt.% S, not more than 0.1 wt.% Al. not more than 0.02 wt.% N. from 5 to 60 wt,% Cr, f rom 4 x 
(C + N) to 0.5 wt% Ti. from 0.003 to 0.02 wt.% Nb. and from 0.0002 to 0.005 wt.% B or further containing at least one 
kind of from 0.0005 to 0.01 wt% Ca and from 0.1 to 5.0 wt.% Mo is disclosed in (e) Patent Publication (unexamined) 
45 No 8-20843. 

[001 2] By the technique, certainly. Ar becomes about 0. 1 5 or lower and the anisotropy is improved but the anti-ridging 
property is insufficient. 

[001 3] Also, techniques of improving the deep drawability are disclosed in (f) Patent Publication (unexamined) No 8- 
260 1 06 and (g) Patent Publication 8-26436. 
so [0014] In the above-described (f). by adding a slight amount of Nb. Ar is reduced and further by adding V. the yield 
ratio is lowered and in the above-described (g). by making appropriate the addition amounts of Ti. Nb. and B, the draw- 
ability and the surface characteristics are Improved. 

[0015] However, it is hard to say that both the techniques are the techniques of sufficiently satisfying the workability 
and further, in the portions subjected to a severe deep drawing work, the problem of the generation of ridging is not suf- 
55 ficiently improved. 

(001 6] As described above, in the ferritic stainless steels by the conventional techniques, the deep drawability and the 
anti-ridging property have not yet been improved to a sufficient level and particularly, when a severe deep drawing work 
is applied, there is a problem that ridging occurs. 



2 



EP0930 375A1 

[001 7] In view of the circumstances of the conventional techniques, an object of the present invention is to provide a 
ferritic stainless steel plate having both the improved deep drawability and the improved anti*ridging property at a deep 
drawing work and a production technique thereof. 

[001 8] Also, other object of the present invention is to provide a ferritic stainless steel plate having the deep drawability 
5 satisfying the characteristics of the r value of not less than 1.8 and Ar of not more than 0.15 and having the excellent 
anti-ridging property, and the production technique thereof. 

DISCLOSURE Q F INVENTION 

10 [001 9] As the result of various Investigations of producing a ferritic stainless steel plate capable of being applied with 
a severe deep drawing work and also scarcely causing ridging even in the case, the present inventors have discovered 
that by particularly selecting the component composition or by properly combining the component composition and the 
hot rolling condition, the above-described objects can be achieved and have accomplished the present invention. That 
is, the present invention is as follows. 

15 [0020] A 1st aspect of aspect of the present invention is a ferritic stainless steel plate excellent in the deep drawability 
and the anti-ridging property, comprising from 0,001 to 0.015% by weight C. not more than 1 .0% by weight Si. not more 
than 1 .0% by weight Mn. not more than 0,05% by weight P, not more than 0,010% by weight S, from 8 to 30% by weight 
Cr, not more than 0.08% by weight Al, from 0.005 to 0,01 5% by weight N. not more than 0.0080% by weight O, not more 
than 0.25% by weight Ti which satisfies Ti/N ^ 12, and from 0.05 to 0.10% by weight (Nb + V) which satisfy V/Nb ^ 2 to 

so 5, rest being Fe and unavoidable impurities. 

[0021 ] A 2nd aspect of the present invention is a fenittc stainless steel plate excellent in the deep drawability and th 
anti-ridging property of the 1 st aspect wherein the ferritic stainless steel plate further contains one or more kinds of not 
more than 2.0% by weight Ma not more than 1 .0% by weight Ni, and not more than 1 .0% by weight Cu. 
[0022] A 3rd aspect of the present invention is a femtic stainless steel plate excellent in the deep drawability and the 

25 anti-ridging property of the 1 st aspect wherein the ferritic stainless steel plate furtha* contains one or more kinds of from 
0,0005 to 0,0030% by weight B. from 0.0007 to 0.0030% by weight Ca. and from 0.0005 to 0.0030% by weight Mg. 
[0023] A 4th aspect of the present invention is a ferritic stainless steel plate excellent in the deep drawabDity and the 
anti-ridging property of the 1 st aspect wherein the ferritic stainless steel plate further contains one or more kinds of not 
more than 2.0% by weight Mo, not more than 1 .0% by weight Ni, and not more than 1 .0% by weight Cu and also con- 

30 tains one or more kinds of from 0.0005 to 0.0030% by weight 6. from 0.0007 to 0.0030% by weight Ca, and from 0.0005 
to 0.0030% by weight Mg. 

[0024] A 5th aspect of the present inventton is a production method of a ferritic stainless steel plate excellent in the 
deep drawability and the anti-rklging property, which comprises, in the case of producing the fenitic stainless steel plate 
desaibed in one of the above-described aspects 1 to 4, heating the steel slab made up of the component composition 
35 desaibed in each of the aspects in a temperature range of not more than 1 1 70°C, f ini^ing a hot rough rolling in the 
temperature range of 950''C or higher, and successively can-ying out a hot finishing rolling. 

BRIEF DESCRIPTION OF DRAWINGS 

40 [0025] 

Fig.1 is a graph showing the Influence of Ti/N on the ridging Index. 
Fig. 2 is a graph showing the influence of (Nb + V) on the r value and Ar, 
Fig. 3 is a graph showing the influence of (Nb + V) on the glossiness, 
45 Fig. 4 is a graph showing the influence of V/Nb on the ridging generating limit drawing height, 
Fig. 5 is a graph showing the influence of V/Nb on the r value and Ar, 

Rg. 6 is a graph showing the relation of the clogging of the immersion nozzle block and the addition amounts of B, 
Ca. and Mg. and 

Fig, 7 is a graph showing the relation of the generation of ridging and the hot rolling condition. 

50 

BEST MODE FOR CARRYING OUT THE INVENTION 

[0026] Then, the experiment which became of the ground of the present invention is described. 
55 (Experiment 1) 

[0027] Steels each containing from 0.004 to 0.008 wt.% C, from 0,1 2 to 0.27 wt.% Si, from 0.27 to 0,35 wt.% Mn. from 
0.021 to 0.037 wt.% P. from 0.001 to 0.006 wt.% S. from 16.4 to 16.8 wt.% Cr, from 0,002 to 0.057 wt.% Al. from 0.006 
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to 0.010 wt.% N. from 0.0027 to 0.0056 wt.% 0, and from 0.06 to 0.07 wt.% (Nb + V) with V/Nb = 2.4 to 2.8. together 
with a changed amount of T\ were experimentally melted and by applying hot rolling, annealing, cold rolling/and then 
finish-annealing, each steel plate of 0.7 mm in thickness was produced. 

[0028] From the rolling direction of each steel plate obtained, a tensile test piece of JIS No. 5 was sampled and the 
5 anti-ridging property of each sample was evaluated from the ridging generated extent at applying a tensile strain of 
; 25%. The smaller evaluation value means that ridging is less. The results are shown in Fig. 1. 

[0029] From the results shown in Fig. 1. it can be seen that when Ti/N becomes 12 or higher, the ridging index 
becomes 1 and ridging scarcely occurs. 

10 (Experiment 2) 

[00301 In the component systems used in Experiment 1 . however, with Ti/N of from 1 2.6 to 13.9, steels were melted 
by variously changing the contents of (Nb + V), and by applying hot rolling, annealing, cold rolling, and finish-annealing, 
each steel plate of 0.7 mm In thickness was produced. 
75 [0031] From the rolling direction (L direction) of each steel plate obtained, the direction of 45" (D direction) to the roll- 
ing direction, and the direction of 90* (C direction) to the rolling direction, test pieces were sampled and the r value and 
the Ar were obtained by the following equations. 

r = (rL + 2rD + rC.)/4 

20 

Ar = (rL+rC)/2-rD 

wherein rL. rD, and rC show the r values of the L direction, the D direction, and C direction respectively. 
[0032] The results obtained are readjusted with the amount of (Nb + V) and show in Rg. 2. From the results shown 
25 in Fig. 2, it can be seen that when the amount of (Nb + V) becomes 0.05% by weight or higher, the r value, which is the 
index of deep drawability. is increased to at>out 1.9. at the same time, the Ar, which is an Index of the anisotropy. is 
reduced to about 0.15. and the formability Is remarkably improved. 

[0033] On the other hand, the above-described steel plates were subjected to a de-scaling treatment by an electrol- 
ysis in an neutral salt solution and dipping in mixed acids and the glossiness of the surface of each steel plate was 
30 measured according to the method of JIS Z-8741. The results are readjusted with the amount of(Nb > V) and shown in 
Rg. 3. From the results shown in Fig. 3. it can be seen that when the amount of (Nb + V) exceeds 0.1% by weight the 
glossiness (GS) after de-scaling is greatly lowered. That is, from the point of the glossiness, the upper limit of the 
amount of (Nb + V) is limited to 0. 1 % by weight. 

35 (Experiments) 

[0034] In the composition system used in Example 2 with, however, (Nb + V) of from 0.056 to 0.079 wt% . steels were 
melted by variously changing NbA/, applying hot rolling, annealing, cold rolling, finish-annealing, pickling, and 0.5% skin 
pass to carry out drawing at a ratio rp/D of the punch shoulder rp to the punch diameter D of 0. 1 5 with various heights, 
40 the limiting drawing height of generating ridging at the worked portion was obtained. 

[0035] Fig. 4 shows the adjusted relation of the limiting drawing height and V/Nb. From the results shown in Fig. 4. it 
can be seen that in the range of V/Nb of from 2 to 5, the limiting drawing height is greatly increased and the anti-ridging 
property is improved. 

[0036] Fig. 5 is a graph showing the adjusted relations of the r value, the Ar. and V/Nb of these samples and from the 
45 results of Fig. 5. it can be seen that in the range of the value of V/Nb of .2 or higher, the r value is increased, the value 
of Ar becomes smaller, and the formability is improved. 

[0037] From the each experimental result it can be seen that for the improvement of the deep drawability and the anti- 
ridging property in the case of applying a severe deep drawing work, tiie conditions of T\JN > 12, (Nb + V) ^ 0,05% by 
weight and 2 ^ V/Nb ^ 5 are necessary and indispensable and further from the point of the glossiness after de-scaling. 
so (Nb + V) S$le$$ 0. 1 0% by weight is necessary and indispensable. 

[0038] Then, the limitation reasons of the present invention are explained below. 

C: 0.001 to 0.015% by weight 

55 [0039] From the points of the formability and the toughness, it is prefen-ed that the content of C is low and because 
when the content of C exceeds 0.0 1 5% by weight the above characteristics are deteriorated, the upper limit is defined 
to be 0.015% by weight On the other hand, when the content of C is too low. there is no problem on the characteristics 
but when the content is less tfian 0.001% by weight, the smelting cost becomes large and thus the lower limit is defined 
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to be 0.001% by weight which can be industrially produced. 

Si: Not more than 1 .0% by weight 

5 [0040] Si is an element which acts as a deoxidizer and increases the strength and because when the content of Si 
exceeds 1 .0% by weight, lowering of the ductility cause, the upper limit is defined to be 1 .0% weight. In addition, from 
the points of the balance of the strength, and the ductility, the range of from 0.05 to O.S% by weight is prefenred. 

Mn: Not more than 1 .0% by weight 

70 

[0041] Mn is also an element which acts as a deoxidizer and also Increases the strength but because the content 
exceeds 1 .0% by weight, the ductility and the corrosion resistance are lowered, the upper limit is defined to be 1 .0% by 
weight In addition, from the points of the strength, the ductility, and the corrosion resistance, the range of from 0.05 to 
0.5% by weight is preferred. 

P: Not more than 0.05% by weight . 

[0042] P is an element of deteriorating the ductility and because when the contertt of P exceeds 0.05% by weight the 
influence becomes particularly remarkable, the upper limit thereof Is defined to be 0.05% by weight. 

20 

S: Not more than 0.01 0% by weight 

[0043] S is a harnrrful element which forms a sulfide to deteriorate the corrosion resistance. Because the content of S 
exceeds 0.010% by weight, the bad influence becomes remarkable, the upper limit is defined to be 0.010% by weight. 

25 

Cr: 8 to 30% by weight 

[0044] Cr is a useful element which Improves the con-osion resistance and the heat resistance of the alloy, when the 
content of Cr is 8% by weight or higher, the effect becomes large but because when the content exceeds 30% by 
30 weight, the ductility is lowered, the content is defined to be the range of from 8 to 30% by weight. The range Is more 
preferably from 1 0 to 30% by weight. 

Al: Not more than 0.08% by weight 

35 [0045] Al acts as a deoxidizer but because when the content exceeds 0.08% by weight, the deoxidized product 
becomes coarse to cause the deterioration of the corrosion resistance and the occurrence of the surface defect, the 
upper limit is d^ined to be 0.08% by weight. The lower limit is not established because if the deoxidation is sufficiently 
earned out no bad influence occurs. " ] 

40 N: 0.005 to 0.015% by weight 

[0046] From the points of the elongation, fomiability. etc., it is preferred that the content of N Is low but because when 
the content of N is not more than 0.015% by weight, there is no considerable prot)lem. the upper limit is defined to b 
0.015% by weight. On the other hand, when the content of N is lowered extremely, the anti-ridging property isdeterio- 
45 rated. Because the defect becomes particularly remarkable, the content of N is less than 0.005% by weight, the lower 
limit is defined to be 0.005% by weight 

O: Not more than 0.0080% by weight 

so [0047] O exists in the form of an oxkje in the steel and acts to accelerate the formation of the surface defect and dete- 
riorate the conosion resistance. When the content exceeds 0.008% by weight, the bad influences become particularly 
severe and thus the upper limit is limited to 0.008% by weight 

Ti: Not more than 0.25% by weight and Ti/N ^ 12 

55 

[0048] Ti is the primary element in the present Invention as Is clear from the above-described result, because by the 
addition of Ti satisfying Ti/N > 12. the anti-ridging property is Improved, the lower limit of Ti is limited to Ti > 12 x N. On 
the other hand, the addition of a large anwunt of Ti is accompanied by the occun-ence of the suriace defect (stringer- 
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form defect) which is considered to be caused by the aggregation and large-sizing of TiN and because the defect 
becomes severe when the content exceeds 0.25% by weight, the upper limit is defined to be 0.25% by weight 

(Nb + V): 0.05 to 0. 1 0% by weight, V/Nb = 2 to 5 

5 

[0049] Nb and V are primary elements of the present invention and because as is clear from the above<lescribed 
experimental result, when the content of (Nb + V) exceeds 0.05% by weight, the r value is improved and the Ar becomes 
small, whereby the formability is remarkably improved, the lower limit of (Nb + V) is defined to be 0.05% by weight On 
the other hand, because when the content exceeds 0. 1 0% by weight the surface gloss after de-scaling greatly lowered 
TO to cause a problem for a practical use, the upper limit is defined to be 0.1 0% by weight. On the other hand, about V/Nb. 
from the point of the anti-ridging property, the range thereof Is from 2 to 5. wherein the characteristics are improved 

Mo: not more than 2.0% by weight, Cu: not more than 1.0% by weight, Ni: not more than 1.0% by weight 

15 [0050] Mo. Cu, and Ni are effective elements for improving the coaosion resistance of the stainless steel and when 
the addition amounts of them are increased, the corrosion resistance is improved. However, the addition of a large 
amount of Mo is accompanied by lowering of the toughness and the ductility and because when the content of Mo 
exceeds 2.0% by weight, the influence becomes severe, the upper limit thereof is defined to be 2.0% by weight. Also, 
the addition of a large amount of Cu is accompanied by the hot brittleness and because when the content thereof 

20 exceeds 1 .0% by weight, the influence thereof becomes severe, the upper limit thereof defined to be 1 .0% by weight. 
Furthermore, the addition of a large amount of Ni is accompanied by the formation of an austenite phase at a high tem- 
perature region and facilitates the occurrence of lowering of the ductility. Also, because the content thereof exceeds 
1 .0% by weight the influence becomes particularly severe, the upper limit is defined to be 1 .0% by weight In addition, 
when these elements are added singly or as a combination thereof, the similar effect is obtained and thus ttiere is no 

25 regulation.onthecombinatbnof them. 

B: from 0.0005 to 0.0030% by weight Ca: from 0.0007 to 0.0030% by weight. Mg: from. 0.0005 to 0.0030% by weight 

[0051] B. Ca. and Mg are effective elements for preventing clogging an immersion nozzle by the precipitation and 

30 attaching of a Ti-based inclusion which is liable to generate at the continuos casting of a Ti-containing steel. 

[0052] Fig. 6 shows the relation between the clogging of the immersiori nozzle block and the addition amounts of B. 
Ca, and Mg when 1 60 tons of a slab of about 200 mm in thickness of the steel containing 0.007 wt% C. 0.2 wt% Si, 
0.3 wt.% Mn. 0.03 wt.% P. 0.0049 wt% S. 0.013 wt% Al. 19 wt% Cr. 0.19 wt.% Ti. 0.008 wt% N, 0.02 wt.% Nb, and 
0.047 wt% V and prepared by VOD process is casted by continuous casting method. 

35 [0053] From Fig. 6. it can be seen that by adding B in an amount of 0,0005% by weight or more, Ca in an amount of 
0.0007% by weight or more, and Mg in an amount of 0.0005% by weight or more, the clogging ratio of the immersion 
nozzle is greatly lowered. Thus, the lower limits of the addition amounts of B. Mg, and Ca are defined to be 0.0005% by 
weight, 0.0005% by weight and 0.0007% by weight respectively. Also, when the addition of these elements are solely 
or as a combination of them, the same effect is confirmed and thus there is no regulation on the combination of them. 

40 However, because the addition of the excessive amount of each of them is accompanied by the deterioration of the cor- 
rosion resistance, the upper limit of each of the elements Is defined to be 0.0030% by weight 
[0054] Slab heating temperature is 1 1 70»C or tower, finishing a rough rolling temperature is 950*C or higher; 
[0055] Because in the steel plate of the present invention, the sufficient formability and anti-ridging property are 
obtained by adjusting the components only, there is unnecessary for making a specif ic consideration on the production 

45 conditions. However, in the case of requiring a further improvement of the anti-ridging property. It Is desirable to employ 
the following condition in hot rolling. 

[0056] That is, in hot rolling, by defining the stab heating temperature to 1 1 7a*C or lowere and finishing a hot rough 
rolling temperature to 950**C or higher, the more improvement of the anti-ridging property is obtained. Fig. 7 shows the 
result of the ridging index adjusted by the slab heating temperature (SRT) and the finishing a rough rolling temperature 
50 (RDT). rp/D is 0.1 5 and h/D is 0.75 in the experimental method used for Experiment 3. From Fig. 7. it can be seen that 
in the case of carrying out under the conditions of SRT ^ 1 1 70*»C and RDT ^ 950''C. no ridging occurs even after the 
partlcuiarly severe drawing work. 

[0057] In addition, because the lower limit temperature of the slab heating temperature causes no problem if finishing 
a rough rolling termination temperature of 950**C or higher is insured, it is unnecessary to particularly determine the 
55 lower limit temperature. 
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Example 

[0058] The present Invention and the effects thereof are described below based on the following example. 

[0059] Each of tfie steels having the compositions shown in Table 1 was subjected to a VOD method and then a con- 

5 tinuous casting step to for a continuously cast slab of 200 mm in thickness and by a hot rolling mill constituted by a 
rough rolling mill composed of 3 stands and a continuous-type finish-rolling mill composed of 7 stands, the ^ab was 
rolled to a hot-rolled steel strip of 4 mm in thickness at a slab heating temperature (SRT) of from 11 50 to 1 180°C. fin- 
ishing a rough rolling temperature (RDT) of from 940 to 1090*»C. and a finish rolling termination temperature (FDT).of 
from 800 to 950"C. The hot-rolled steel strip was continuously annealed at a temperature of from 880 to 1000*0, and 

10 after pickling, by cold rolling, a steel strip of 0.8 mm in thickness was obtained. After degreasing. the cold-rolled steel 
strip was subjected to continuous finish annealing at a temperature of from 880 to 1000°C. and after pickling, a skin 
pass was applied to the steel to provide a stainless steel plate of a 2B finish (the surface finish regulated by JIS G 4307). 
A sample was obtained from each of the cold rolled and annealed plates obtained by the above-described method and 
was subjected to the various tests shown below. 

IS 

Formability: 

[0060] From the U D. and C directions of each of the steel plates, tensile test pieces (JIS No. 13 B) were sanpled. 
15% tensile strain was applied thereto, ttie plastic strain ratio of each direction was measured, and from the equations 
20 desaibed above, the rvalue and the Ar were calculated. 

Ridging index: 

[0061] From the L direction of each steel plate, a tensile test piece of JIS No. 5 was sample and extent of the ridging 
25 after applying a 25% tensile strain was evaluated. The evaluation method was can'ied out by showing as an index the 
result obtained by visually comparing with a standard sample. The smaller numeral value means that extent of the ridg- 
ing is less. 

Surfece gloss of steel plate: 

30 ^ 

[0062] The surface gloss was measured according to JIS Z-8741 at a light source incident angle of 20*. The evalua- 
tion was carried out by the glossiness (GS) and tiie larger value means tiiat the gloss is better. 

Corrosion resistance: 

35 

[0063] The evaluation of the corrosion resistance was canried out by measuring a pitting potential in an aqueous' NaCI 
solution according to JIS G-0577. The larger pitting potential means that tiie corrosion resistance is better. 
[0064] The measurement results of ttiese tests are shown in Table 2. From the results shown in the table, it can be 
seen that in the steel plates that Ti/N is not less than 12. Nb + V is from 0.05 to 0.1 wt.%, and V/Nb is from 2 to 5 cor- 
40 responding to the present invention, the r value is large, the Ar is small, and further the anti-ridging property is remark- 
ably improved. Also, it is clear that the steel plates of the present invention are excellent in tiie surface glossiness. 
Furthermore, it can seen that in the steel plates added with Ni. Mo. and Cu to improve tiie conrosion resistance, the cor- 
rosion resistance is improved. 

45 INDUSTRIAL APPLICABILITY 

[0065] As described above, according to the present invention, by optimizing the addition amounts of tiie addition ele- 
ments in the fen^itic stainless steel, particularly Ti, N. Nb, and V, tiie ferritic stainless steel plate excellent in the forma- 
bility and tiie anti-ridging property in severe working can be provided. (Claims 1 and 2) 

so [0066] Furthermore, by optimizing the addition amounts of Mo. Ni. and Cu, the ferritic stainless steel plate having ttie 
more excellent corrosion resistance and the good toughness and ductility can be provided. (Claims 3 and 5) 
[0067] Moreover, by ttie addition of sKght amounts of B. Ca. and Mg. Clogging of an immersion nozzle by the precip- 
itation and attaching of Ti-based inclusions, which is liable to occur at continuous casting of a Ti-containing steel, can 
be prevented. (Claims 4 and 5) 

55 [0068] Also, at the production of the above-described fen-itic stainless steel plate, by optimizing the hot rolling condi- 
tion, ttie femtic stainless steel stainless steel plate more excellent in the anti-ridging property can be produced. (Claim 
9) 
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Claims 



1. A ferritic stainless steel excellent in the deep drawability and the anti-ridging property, containing from 0.001 to 
35 0.01 5% by weight C. not more than 1 .0% by weight Si, not more than 1 .0% by weght Mn, not more than 0.05% by 
weight P. not more than 0.010% by weight S, from 8 to 30% by weight Cr, not more than 0.08% by weight Ai. from 
0.005 to 0.015% by weight N. not more than 0.0080% by weight O, not more than 0.25% by weight Ti with Tl/N > 
1 2, and from 0.05 to 0. 1 0% by weight (Nb + V) with V/Nb being from 2 to 5. 

40 2. A ferritic stainless steel excellent in the deep drawablfity and the antl-ridging property of daim 1 wherein the rest is 
made up of Fe and unavoidable impurities. 

3. A ferritic stainless steel excellent in the deep drawability and the anti-rldglng property of daim 1 or 2 wherein the 
ferritic stainless steel plate further contains one or more kinds selected from not more than 2.0% by weight Mo, not 

45 more than 1 .0% by weight Ni, and 1 .0% by weight Cu. 

4. A fenrrtic stainless steel excellent In the deep drawability and the anti-ridging property of daim 1 or 2 wherein the 
ferritic stainless steel plate further contains one or more kinds selected from from 0.0005 to 0.0030% by weight B, 
from 0.0007 to 0.0030% by weight Ca and from 0.0005 to 0.0030% by weight Mg. 

so 

5. A ferritic stainless steel excellent in tiie deep drawability and the anti-ridging property of daim 1 or 2 wherein tiie 
ferritic stainless steel plate further contains one or more kinds selected from not more than 2.0% by weight Mo. not 
more than 1.07o by weight NI. and 1.0% by weight Cu and also one or more kinds selected from from 0.0005 to 
0.0030% by weight from 0.0007 to 0.0030% by weight Ca. and 0.0005 to 0.0030% by weight Mg. 

55 

6. A ferritic stainless steel excellent in the deep drawability and the anti-rldging property of daim 1 or 2 wherein the 
content of Cr is from 1 0 to 30% by weight. 
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A ferritic stainless steel excellent in the deep drawability and the anti-iidging property of claim 1 or 2 wherein the 
content of Si is from 0:05 to 0.5% by weight. 

A ferritic stainless steel excellent in the deep drawability and the antiH'idging property of claim 1 or 2 wherein the 
content of Mn is from 0.05 to 0.5% by weight. 

A production method of ferritic stainless steel excellent in the deep drawability and the anti-ridging property, which 
comprises in the case of producing the ferritic stainless steel plate described in one of claims 1 to 8, heating the 
steel slab comprising the components described in each daim to a temperature range of 1 1 70*0 or lower, finishing 
rough hot rolling of the slab at a temperature range of 950''C or higher, 
and suocessivety carrying out hot finish-rolling. 
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FIG. 6 
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FIG. 7 
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